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(57) A cutter edge is pressed against a surface (SF)
of a brittle substrate (4). The pressed cutter edge is slid
on the surface (SF) of the brittle substrate (4) to generate
plastic deformation on the surface (SF) of the brittle sub-
strate (4), thereby forming a trench line (TL) having a
groove shape. The step of forming the trench line (TL) is
performed to obtain a crack-free state, in which the brittle
substrate (4) seamlessly continues in a direction inter-
secting the trench line (TL) directly below the trench line
(TL). The trench line (TL) includes a curved portion. A
crack line (CL) is formed by extending a crack in the brittle
substrate (4) in a thickness direction along the trench line
(TL). The crack line (CL) breaks seamless continuity of
the brittle substrate (4) in the direction intersecting the
trench line (TL) directly below the trench line (TL).
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Description
Technical Field

[0001] The present invention relates to a method for
dividing a brittle substrate.

Background Art

[0002] According to Patent Document 1, while a cutter
is brought into pressure contact with a front surface of a
brittle substrate, at least one of the brittle-material sub-
strate and the cutter is moved to draw a closed curve to
form a scribe line formed of a crack. Thereafter, stress
is applied to the brittle-material substrate to cause the
crack to grow to a back surface of the brittle-material
substrate, and then the brittle-material substrate is divid-
ed.

Prior Art Document
Patent Document

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2010-173905

Summary of Invention
Problems to be Solved by the Invention

[0004] It is difficult to uniformly form a scribe line with
a curved portion as compared with a scribe line formed
of only a straight line. A curved portion with a curvature
radius of 5mm or less particularly increases the difficulty.
As aresult, with amethod using a scribe line with a curved
portion, described in Patent Document 1, it is difficult to
uniformly divide a brittle substrate along a shape includ-
ing the curved portion.

[0005] The presentinvention has been made to solve
the problem described above, and an object thereof is to
provide a method for dividing a brittle substrate, the meth-
od capable of uniformly dividing a brittle substrate along
a shape including a curved portion. Means for Solving
the Problem

[0006] A method for dividing a brittle substrate of the
present invention includes the following steps.

[0007] A brittle substrate including a surface and hav-
ing a thickness direction perpendicular to the surface is
prepared. A cutter edge is pressed against the surface
of the brittle substrate.

[0008] A trench line having a groove shape is formed
by causing the pressed cutter edge to slide on the surface
of the brittle substrate to generate plastic deformation on
the surface of the brittle substrate. The forming a trench
line is performed to obtain a crack-free state, in which
the brittle substrate seamlessly continues in a direction
intersecting the trench line directly below the trench line.
The trench line includes a curved portion.
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[0009] A crack line is formed by extending a crack of
the brittle substrate in the thickness direction along the
trench line. The crack line breaks seamless continuity of
the brittle substrate in the direction intersecting the trench
line directly below the trench line.

Effects of the Invention

[0010] According to the presentinvention, a shape into
which the brittle substrate is divided is defined by a shape
of the trench line. Unlike the conventional scribe line, the
trench line can be uniformly formed even if the trench
line includes a curved portion. This enables a brittle sub-
strate to be uniformly divided along a shape including a
curved portion.

Brief Description of Drawings
[0011]

Fig. 1 shows top views (A) and (B), respectively,
schematically illustrating first and second steps of a
method for dividing a brittle substrate in a first em-
bodiment of the present invention.

Fig. 2 is a flowchart schematically illustrating a pro-
cedure of the method for dividing a brittle substrate
in the first embodiment of the present invention.
Fig. 3 shows aside view (A) schematically illustrating
a configuration of a tool used in the method for di-
viding a brittle substrate in the first embodiment of
the present invention, and a plan view (B) schemat-
ically illustrating a configuration of a cutter edge pro-
vided in the tool, as viewed from an arrow IlIB in Fig.
3(A).

Fig. 4 shows a view (A) schematically illustrating a
partial end face along line IVA-IVA in each of Figs.
1(A), 5(A), 6(A), and 7(A), and a view (B) schemat-
ically illustrating a partial end face along line IVB-IVB
in each of Figs. 1(B), 5(B), 6(B), and 7(B).

Fig. 5 shows top views (A) and (B), respectively,
schematically illustrating first and second steps of a
method for dividing a brittle substrate in a second
embodiment of the present invention.

Fig. 6 shows top views (A) and (B), respectively,
schematically illustrating first and second steps of a
method for dividing a brittle substrate in a third em-
bodiment of the present invention.

Fig. 7 shows top views (A) and (B), respectively,
schematically illustrating first and second steps of a
method for dividing a brittle substrate in a fourth em-
bodiment of the present invention.

Fig. 8 shows a side view (A) schematicallyillustrating
a configuration of a tool used in the method for di-
viding a brittle substrate in a fifth embodiment of the
presentinvention, and a plan view (B) schematically
illustrating a configuration of a cutter edge provided
inthe tool, as viewed from an arrow VIIIB in Fig. 8(A).
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Description of Embodiments

[0012] Embodiments of the present invention will be
described below with reference to the drawings. The
same or corresponding portions are denoted by the same
references in the drawings, and description thereof will
not be repeated.

First Embodiment

[0013] A method for dividing a brittle substrate of the
present embodiment will be described below.

[0014] With reference to Fig. 1(A), a glass substrate 4
(brittle substrate) is prepared (Fig. 2: step S10). The glass
substrate 4 has a surface SF.

[0015] With reference to Figs. 3(A) and 3(B), a cutting
tool 50 including a cutter edge 51 and a shank 52 is pre-
pared. The cutter edge 51 is fixed to and held by the
shank 52 serving as a holder.

[0016] The cutteredge51is provided with atop surface
SD1 (first surface) and a plurality of surfaces surrounding
the top surface SD1. The plurality of surfaces includes a
side surface SD2 (second surface) and a side surface
SD3 (third surface). The top surface SD1, and the side
surfaces SD2 and SD3 (the first to third surfaces) are
oriented in different directions and are adjacent to each
other. The cutter edge 51 has a vertex at which the top
surface SD1 and the side surfaces SD2 and SD3 meet,
and the vertex forms a protruding portion PP of the cutter
edge 51. The side surfaces SD2 and SD3 form a ridge
forming a side portion PS of the cutter edge 51. The side
portion PS extends in a line from the protruding portion
PP. The side portion PS is a ridge as described above,
and thus has a convex shape extending in a line.
[0017] Itis preferable that the cutter edge 51 is a dia-
mond point. That is, it is preferable that the cutter edge
51 is made of diamond in terms of hardness and reduced
surface roughness. More preferably, the cutter edge 51
is made of single-crystal diamond. Still more preferably,
in crystallography, the top surface SD1 is a {001} plane,
and each of the side surfaces SD2 and SD3 is a {111}
plane. In this case, the side surfaces SD2 and SD3 are
crystal planes equivalentto each otherin crystallography,
although they have different directions.

[0018] Diamond other than single-crystal diamond
may be used, and for example, polycrystalline diamond
synthesized by chemical vapor deposition (CVD) may be
used. Alternatively, polycrystalline diamond sintered
from particulate graphite or non-graphitic carbon without
containing a binder such as iron group elements, or sin-
tered diamond obtained by binding diamond particles
with a binder such as iron group elements, may be used.
[0019] The shank 52 extends along an axial direction
AX. Itis preferable that the cutter edge 51 is attached to
the shank 52 such that the direction normal to the top
surface SD1 extends substantially along the axial direc-
tion AX.

[0020] With reference to Fig. 1(A) again, the cutter
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edge 51 is then pressed against the surface SF of the
glass substrate 4 at a starting point NS (one location)
(Fig. 2: step S20). Specifically, the protruding portion PP
and the side portion PS of the cutter edge 51 are pressed
in a thickness direction DT of the glass substrate 4.
[0021] Subsequently, the pressed cutteredge 51 is slid
in a direction DA from the starting point NS on the surface
SF of the glass substrate 4. The direction DA is obtained
by projecting, on the surface SF, a direction extending
from the protruding portion PP along the side portion PS,
and substantially corresponds to a direction in which the
axial direction AX is projected on the surface SF. In this
case, the cutter edge 51 is dragged on the surface SF
by the shank 52. A position NC of the sliding cutter edge
51 defines a path including a curved portion, and ulti-
mately approaches the starting point NS again.

[0022] The above sliding causes plastic deformation
on the surface SF of the glass substrate 4, thereby form-
ing a trench line TL having a groove shape (Fig. 4(A))
(Fig. 2: step S30). The trench line TL includes a curved
portion corresponding to the path of the position NC of
the cutter edge 51. The curved portion may include a
curvature radius of 5 mm or less.

[0023] A stepofformingthetrenchline TLis performed
to obtain a crack-free state, in which the glass substrate
4 seamlessly continues in a direction DC intersecting the
trench line TL directly below the trench line TL. In the
crack-free state, although the trench line TL is formed
through the plastic deformation, no crack is formed along
the trench line TL. To obtain the crack-free state, a load
applied to the cutter edge 51 is set to be small so as to
cause no crack and large so as to cause the plastic de-
formation.

[0024] The cutter edge 51 is further slid to return the
position NC of the cutter edge 51 to the starting point NS.
This forms the trench line TL forming a closed curve in-
cluding the starting point NS. The closed curve may in-
clude a straight portion in addition to the curved portion.
[0025] With reference to Fig. 1(B), the position NC of
the cutter edge 51 is returned to the starting point NS to
start forming a crack line CL (Fig. 4(B)) in a direction EA
along the trench line TL (Fig. 2: step S40). The crack line
CL is formed by extending a crack of the glass substrate
4 in the thickness direction DT along the trench line TL.
The crack line CL is a crack extending from a dent of the
trench line TL in the thickness direction DT, and extends
in a line on the surface SF. The crack line CL breaks
seamless continuity of the glass substrate 4 in the direc-
tion DC (Fig. 4(B)) intersecting the trench line TL directly
below the trench line TL. In other words, the "seamless
continuity" herein refers to the continuity that is not inter-
rupted by a crack. In the state in which the seamless
continuity is broken as described above, portions of the
glass substrate 4 may be in contact with each other with
the crack of the crack line CL therebetween.

[0026] The direction EA in which the crack extends
along the trench line TL is opposite to the direction DA
(Fig. 1(A)) in which the cutter edge 51 slides in the step
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of forming the trench line TL. That is, there is directional
dependence that affects easiness of extension of the
crack line CL. It is assumed that the directional depend-
ence is caused by distribution of internal stress generated
in the glass substrate 4 when the trench line TL is formed.
[0027] It should be noted that the scribe line described
above includes a trench line TL and a crack line CL (Fig.
3(B)) that are simultaneously formed by sliding or rolling
of the cutter edge 51, and the timing of forming the crack
line CL is different from that of the present embodiment.
[0028] Subsequently, the glass substrate 4 is divided
along the crack line CL (Fig. 2: step S50). That is, so-
called a breaking step is performed. The breaking step
can be performed by applying external force to the glass
substrate 4 to bend the glass substrate 4.

[0029] If the crack line CL fully penetrates in the thick-
ness direction DT during formation thereof, the glass sub-
strate 4 can be divided at the same time when the crack
line CL is formed. In this case, the breaking step can be
omitted.

[0030] According to the present embodiment, a shape
into which the glass substrate 4 is divided is defined by
a shape of the trench line TL. Unlike the conventional
scribe line, the trench line TL can be uniformly formed
even if the trench line TL includes a curved portion. Ac-
cordingly, the glass substrate 4 can be uniformly divided
along the shape including the curved portion. In particu-
lar, when a curved portion has a curvature radius of 5
mm or less, a significant effect is obtained by application
of the present embodiment.

Second Embodiment

[0031] With reference to Fig. 5(A), in the present em-
bodiment, a cutter edge 51 pressed against a surface SF
of a glass substrate 4 at a starting point NS (one location)
is slid in a direction DB instead of the direction DA. The
direction DB is obtained by projecting, on the surface SF,
a direction extending to a protruding portion PP along a
side portion PS (refer to Figs. 3(A) and 3(B)), and sub-
stantially corresponds to a direction opposite to the di-
rection in which an axial direction AX is projected on the
surface SF. In this case, the cutter edge 51 is pressed
forward on the surface SF by a shank 52. The above
sliding forms a trench line TL (Fig. 4(A)).

[0032] With reference to Fig. 5(B), a position NC of the
cutter edge 51 is returned to the starting point NS to start
forming a crack line CL (Fig. 4(B)) in a direction EB along
the trench line TL (Fig. 2: step S40). The direction EB in
which a crack extends along the trench line TL is identical
to the direction DA (Fig. 1(A)) in which the cutter edge
51 slides in the step of forming the trench line TL.
[0033] Since the configuration other than the above is
substantially identical to the configuration of the first em-
bodiment described above, the same or corresponding
element is designated by the same reference numeral
and description thereof is not repeated.

[0034] Accordingtothe presentembodiment, substan-
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tially the same effect as that of the first embodiment can
be achieved.

Third Embodiment

[0035] With reference to Fig. 6(A), in the present em-
bodiment, a cutter edge 51 (Fig. 3(A)and (B)) pressed
against a surface SF of a glass substrate 4 at a starting
point NS is slid in a direction DA to an ending point NE
away from the starting point NS. This sliding forms a
trench line TL including a curved portion (Fig. 4(A)). The
cutter edge 51 that has reached the ending point NE is
moved away from the surface SF of the glass substrate 4.
[0036] With reference to Fig. 6(B), a step of forming a
crack line CL is started by applying stress to the glass
substrate 4 on the trench line TL. In the present embod-
iment, a scribe line SL intersecting the trench line TL is
formed on the surface SF of the glass substrate 4. The
scribe line SL intersects the trench line TL at each of
intersections Na and Nb. Accordingly, forming of the
crack line CL is started from each of the intersections Na
and Nb in a direction EA opposite to the direction DA. If
sufficient stress to start forming the crack line CL is not
obtained during formation of the scribe line SL, formation
of the crack line CL may be started by dividing the glass
substrate 4 along the scribe line SL to apply larger stress.
In addition, both of the intersections Na and Nb are not
necessarily provided, and thus only an intersection suit-
able for a starting point of forming the crack line CL in
the direction EA may be provided. Specifically, providing
at least the intersection Na enables the crack line CL to
be formed along a main sectionincluding a curved portion
of the trench line TL. A method for applying stress is not
limited to the method described above.

[0037] Since the configuration other than the above is
substantially identical to the configuration of the first em-
bodiment described above, the same or corresponding
element is designated by the same reference numeral
and description thereof is not repeated.

[0038] According tothe presentembodiment, substan-
tially the same effect as that of the first embodiment can
be achieved. In addition, according to the present em-
bodiment, the glass substrate 4 can be divided along a
shape different from a closed curve.

Fourth Embodiment

[0039] With reference to Fig. 7(A), in the present em-
bodiment, a cutter edge 51 (Figs. 3(A) and 3(B)) pressed
against a surface SF of a glass substrate 4 at a starting
point NS is slid in a direction DB to an ending point NE.
This sliding forms a trench line TL including a curved
portion (Fig. 4(A)). The cutter edge 51 that has reached
the ending point NE is moved away from the surface SF
of the glass substrate 4.

[0040] With reference to Fig. 7(B), a step of forming a
crack line CL is started by applying stress to the glass
substrate 4 on the trench line TL. In the present embod-
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iment, a scribe line SL intersecting the trench line TL is
formed on the surface SF of the glass substrate 4. The
scribe line SL intersects the trench line TL at each of
intersections Na and Nb. Accordingly, forming of the
crack line CL is started from each of the intersections Na
and Nb in a direction EB identical to the direction DB. If
sufficient stress to start forming the crack line CL is not
obtained during formation of the scribe line SL, forming
of the crack line CL may be started by dividing the glass
substrate 4 along the scribe line SL to apply larger stress.
In addition, both of the intersections Na and Nb are not
necessarily provided, and thus only an intersection suit-
able for a starting point of forming the crack line CL in
the direction EB may be provided. Specifically, providing
at least the intersection Nb enables the crack line CL to
be formed along a main section including a curved portion
of the trench line TL. A method for applying stress is not
limited to the method described above.

[0041] Since the configuration other than the above is
substantially identical to the configuration of the second
or third embodiment described above, the same or cor-
responding elementis designated by the same reference
numeral and description thereof is not repeated.

[0042] Accordingtothe presentembodiment, substan-
tially the same effect as that of the third embodiment can
be achieved.

Fifth Embodiment

[0043] With reference to Figs. 8(A) and 8(B), a cutter
edge 51v may be used instead of the cutter edge 51
(Figs. 3(A) and 3(B)) in each of the above embodiments.
The cutter edge 51v has a conical shape with a vertex
and a conical surface SC. A protruding portion PPv of
the cutter edge 51v is formed by the vertex. A side portion
PSv of the cutter edge is formed along a virtual line (the
broken line in Fig. 8(B)) extending from the vertex on the
conical surface SC. Accordingly, the side portion PSv
has a convex shape extending in a line.

[0044] While a glass substrate is used as a brittle sub-
strate in each of the above embodiments, the brittle sub-
strate is not limited to the glass substrate, and thus any
substrate made of brittle material may be used. Brittle
material other than glass includes, for example, ceramic,
silicon, compound semiconductor, sapphire, and quartz.
[0045] In the present invention, each of the embodi-
ments may be freely combined, or modified or omitted
as appropriate within the scope of the invention.

Reference Signs List

[0046]

4: glass substrate (brittle substrate)
51,51 v: cutter edge

CL: crack line

SF: surface

SL: scribe line
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TL: trench line

Claims

1. A method for dividing a brittle substrate, the method
comprising:

preparing a brittle substrate including a surface
and having a thickness direction perpendicular
to said surface;

pressing a cutter edge against said surface of
said brittle substrate;

forming a trench line having a groove shape by
causing said cutter edge pressed in said press-
ing to slide on said surface of said brittle sub-
strate to generate plastic deformation on said
surface of said brittle substrate, said forming a
trench line being performed to obtain a crack-
free state, in which said brittle substrate seam-
lessly continues in a direction intersecting said
trench line directly below said trench line, said
trench line including a curved portion, and
forming a crack line by extending a crack of said
brittle substrate in said thickness direction along
said trench line, said crack line breaking seam-
less continuity of said brittle substrate in the di-
rection intersecting said trench line directly be-
low said trench line.

2. The method for dividing a brittle substrate according
to claim 1, wherein
said forming a trench line includes sliding said cutter
edge at one location on said surface of said brittle
substrate, and returning said cutter edge to said one
location by further sliding said cutter edge, and
said forming a crack line is started by returning said
cutter edge to said one location.

3. The method for dividing a brittle substrate according
to claim 1, the method further comprising:

moving away said cutter edge from said surface
of said brittle substrate after said forming a
trench line and before said forming a crack line,
wherein said forming a crack line is started by
applying stress to said brittle substrate on said
trench line.

4. The method for dividing a brittle substrate according
to any one of claims 1 to 3, wherein
adirectionin which a crack extends along said trench
line in said forming a crack line is opposite to a di-
rectionin which said cutter edge is slid in said forming
a trench line.

5. The method for dividing a brittle substrate according
to any one of claims 1 to 3, wherein
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adirection in which a crack extends along said trench
line in said forming a crack line is identical to a di-
rection in which said cutter edge is slid in said forming
a trench line.
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